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Laterality, or the tendency of a population to use one hand over the other in a variety of 
actions, is a unique, panspecies trait in humans. This tendency is argued to indicate a more 
profound structural asymmetry that extends to cerebral function; lateralization of the brain and 
body has impacts on a range of human characteristics, from material culture to language. To 
analyze the handedness of past populations, researchers rely on morphological and 
biomechanical asymmetries present in skeletal remains, specifically in the diaphyses of long 
bones. Previous research demonstrates that humans show a strong right-hand bias and greater 
overall asymmetry in the upper limb, including in the hands themselves. However, studies of the 
laterality of hand bones have been limited to the second metacarpal. 
This study evaluates directional bilateral asymmetry of the hand using the second through 
fifth metacarpals. These are measured from a sample of 50 adults from Middle and Late Archaic 
forager groups buried at three sites in western central Tennessee. Based on the well-established 
right-biased asymmetry for humans, this sample was expected to show right directional 
asymmetry. Cross-sectional properties obtained for these individuals were analyzed for 
magnitude and direction of asymmetry—given by percent directional asymmetry (%DA) and 
percent absolute asymmetry (%AA)—as well as for the overall shape of the cross-section, which 
should be rounder in the dominant hand. Results indicate little sexual dimorphism among the 
metacarpals and predictable trends of increasing asymmetry in the medial palm. This study 
cautions against using the cross-sectional properties of a single metacarpal to estimate those of 
the rest and highlights the need for further research in this area to establish and understand 
patterns of asymmetry across the metacarpals. 
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CHAPTER 1: INTRODUCTION 
 
Laterality, known as “handedness,” or the tendency of a population to preferentially use 
one hand in a variety of actions, has long been a subject of scientific inquiry. Skeletal evidence 
of directional asymmetry has been argued to indicate a more profound structural asymmetry 
extending to cerebral function, impacting material culture and language. Furthermore, its 
evolutionary relevance is continuously debated. While origins of laterality are undetermined, 
most researchers posit that handedness is a uniquely human trait while others argue that there is 
evidence for laterality among non-human primates as well (Lazenby, 2002a; Schultz, 1937). 
Asymmetrical behaviors should have asymmetrical consequences on skeletal structure; 
that is, skeletal remodeling patterns, especially in the diaphysis, should reflect the predominant 
use of one limb over another. Initiated by increased mechanical stress, remodeling strengthens 
bone through changes to its mass and density (Ruff et al., 2006; Martin et al, 1998). Prior 
research has found that the upper limb tends to reflect asymmetric loading more than the lower 
limb (Auerbach and Ruff, 2006). Furthermore, long bone diaphyseal breadths have been shown 
to most clearly indicate this laterality (Trinkaus et al., 2004), with respect to long bone lengths 
and articular size (Auerbach and Ruff, 2006). These patterns have been established in the second 
metacarpal as well, using the trabecular structure and cross-sectional geometry of the second 
metacarpal to signify handedness (Lazenby, 1998a, 1998b; Lazenby et al., 2008).  
This thesis evaluates the directional asymmetry of the second through fifth metacarpals of 
forager groups from the Middle and Late Archaic populations buried in three sites in western 
central Tennessee. Previous research has focused almost exclusively on the second metacarpal; 
this study observed the second through fifth metacarpals to determine if patterns in directional 
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asymmetry are evident and consistent across the hand. Laterality was analyzed using cross-
sectional geometry of the middle diaphyses of metacarpals, which approximates the 
biomechanical strength properties in bending and torsion. Dimensions were converted to percent 
directional asymmetry (%DA) to evaluate magnitude and direction of asymmetry and percent 
absolute asymmetry (%AA), which indicates total asymmetry present in a given dimension.  
 
BACKGROUND 
Population-wide bilateral asymmetry in humans has long been a research focus, in part 
because it is so unusual; the human body is, by and large, bilaterally symmetrical, but notable 
asymmetries exist, especially with regard to upper limb use preferences (Auerbach and Ruff, 
2006 and the papers cited in their appendix). While some are random fluctuating asymmetries 
that vary by individual, others are fundamentally side-biased—these are cognitive and 
mechanical asymmetries whose directional bias persists across a population (Corballis, 2009). 
One of these profound asymmetries is laterality, or “handedness,” which refers to a population-
wide bias towards one side of the body for a variety of tasks; on the contrary, “hand preference” 
refers to favoring one hand over another on a task-by-task basis (Lazenby, 2002c). Population-
wide hand-bias is one of the most promising sources of information about cerebral asymmetry, 
as it is the most obvious physical manifestation of laterality. While the brain typically exhibits 
bilateral symmetry for most functions, some tasks are asymmetrical; for example, it is generally 
accepted that the production of speech is lateralized in the left hemisphere (Corballis, 2009). 
Moreover, some theories posit that speech developed directly from manual gestures, a process 
that inextricably links the hands with speech pathways in the brain (Corballis, 2003). Thus, the 
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evolutionary, cultural, psychological, and neurological implications of human laterality have 
generated considerable interest in this area of study. 
 
Laterality in Humans 
While cerebral asymmetry and even hand preference is hardly unique to humans, 
handedness itself appears to set humans apart as a species (Corballis, 2009; Schultz, 1937; 
McGrew and Marchant, 1997; Byrne and Byrne, 1991), though this assertion is not without 
contention. Some scientists claim a right-hand bias has been observed in several species of non-
human primates (Hopkins et al., 1993; Westergaard and Suomi, 1996). However, in a study of 
wild chimpanzees in Tanzania, McGrew and Marchant (2001) found little evidence for 
systematic hand preference in the wild, positing that any hand preference observed in captive 
non-human primates is the result of contact with humans, either thanks to mimicry or to the 
artificial nature of tasks in a captive environment, rather than overarching population-wide 
handedness. The evolutionary origins of this uniquely human trait remain unclear, though it has 
been suggested that tool complexity played a role in its development. Some have proposed that 
hand preference was reinforced as tool manufacture and use required bimanual recruitment 
(Frost, 1980; Uomini, 2009); consistently using one hand in the primary task produces better 
results (McGrew and Marchant, 1999), though whether this advantage was great enough to 
produce a population-wide right-hand bias is unclear.  
 
Sources of Laterality in the Postcranial Human Skeleton 
Not only are humans unique in their preferential use of the right limb, but this bias 
influences human long bone dimensions, forming the basis for investigations into human 
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bilateral asymmetry. The greater directional asymmetry documented in upper limb long bone 
dimensions is especially notable with respect to the general lack of bilateral asymmetry in the 
lower limb. Closely associated with body mass, the lower limb is constrained to symmetrical 
loading and use by its role in weight bearing during locomotion (Ruff, 2000). The lower limb 
does show evidence of a left bias (Auerbach and Ruff, 2006; Schultz, 1937), though it is minor.  
The first appearance of these patterns of bilateral directional asymmetry in humans is 
unclear. Auerbach and Ruff (2006) used a global sample of human skeletal remains to 
demonstrate that populations throughout the Holocene show both the previously described upper 
limb and lower limb patters of directional asymmetry. Other researchers have demonstrated 
evidence for bilateral directional asymmetry of the upper limb in Neandertals and Pleistocene 
anatomically modern humans (Churchill and Formicola, 1997; Trinkhaus et al., 1994).  
Experimental archaeological techniques suggest greater temporal depth, estimating that 
tool manufacturing was lateralized by 1.4-1.9 million years ago (Toth, 1985). However, in their 
review of material culture and handedness in the archaeological record, Steele and Uomini 
(2005) were careful to note that Toth's (1985) methods were narrowly applicable. While they 
contended that the material evidence for lateralized behavior in our hominin relatives is sparse 
(and specious), they agreed that the archaeological record does suggest lateralized behavior in 
anatomically modern humans, consistent with Auerbach and Ruff’s (2006) findings.  
Changes in bilateral asymmetry associated with subsistence practices are well established 
(Auerbach, 2007; Auerbach and Ruff, 2006; Bridges, 1989; Bridges et al., 2000). Globally, 
bilateral asymmetry of the upper limb decreased over time as subsistence practices progressed 
from foragers to horticulturalists to agriculturalists, presumably because mechanical demands 
changed with new food processing methods, mechanically advantageous tools, coupled with 
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decreases in mobility and increases in sedentism (Auerbach, 2007; Ruff, 2005). Importantly, 
although the degree of asymmetry decreased, the frequency of right directional asymmetry is 
retained across space and through time despite subsistence (thus, behavioral) changes (Auerbach 
and Ruff, 2006).  
The Archaic foragers of western central Tennessee used in this study were a seasonally 
sedentary population that utilized freshwater resources (Bissett, 2014). According to prior 
research, the greatest amount of asymmetry and sexual dimorphism in the upper limb was 
present in the early Holocene among pre-industrial individuals; asymmetry was significantly 
right-biased, with males demonstrating more asymmetry than females (Auerbach and Ruff, 2006; 
Ruff and Jones, 1981). Thus, Archaic males from Tennessee could be expected to show 
significantly more asymmetry than females from the same population. Moreover, the primary 
goal of this study is to evaluate asymmetry across the palm; because foragers have been shown to 
demonstrate the greatest amount of asymmetry of any subsistence group, their metacarpals are 
more likely to show this asymmetry if it exists. A more thorough understanding of the reflection 
of biomechanical loading in the skeleton, and its application to understanding the mechanics in 
the hand, is reviewed below before further discussing the expectations of this study.  
 
Biomechanics and Cross-sectional Properties 
Investigations of skeletal asymmetry rely on biomechanical and morphological 
asymmetries to infer lateralized mechanical loading and behaviors. It is presumed that the 
dominant limb is subject to a greater magnitude and wider variety of strains and is therefore 
stronger in all dimensions. The driving force behind these investigations is the theory of bone 
functional adaptation (Cowin et al., 1985), which defines the relationship between skeletal 
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structure and function. This theory states that bone is remodeled (deposited and absorbed) in 
response to mechanical forces in order to optimize the balance between size and strength (Ruff et 
al., 2006). Bone is plastic in response to loading; modeling and remodeling processes react to 
changing mechanical demands and environments, even in adulthood after the termination of 
primary longitudinal growth (Ruff et al., 1994; Trinkaus et al., 1994). A bone that is strong 
enough to withstand external forces of loading yet light enough for efficient mechanical 
movement is considered to be optimally adapted.  
As mentioned, remodeling processes are integral to achieving this optimal adaptation. 
Bone strength depends on the maintenance of bone mass to withstand routine stresses, which 
occurs when bone formation and resorption are balanced: old bone is replaced with new bone 
matrix in a 1:1 exchange. If formational processes are more active, the bone’s mass will be 
inefficiently large; if resorptive processes are more active, the bone will be too light to withstand 
loading without fracture.  
The above relationship simply outlines the process of bone mass conservation—the 
model gains additional components when increased loading demands that the bone adapt to 
withstand new stresses. Mechanical loading stimulates the cortical bone to remodel through 
periosteal apposition, redistribution of bone about the centroid, and osteonal remodeling (Currey, 
2002). These reactions to stress indicate that cortical bone morphology is correlated with the 
mechanical demands acting on bone, and therefore may be used to infer the kinds of tensile and 
compressive stresses to which the bone was subject.  
However, these remodeling processes do not respond uniformly throughout cortical bone 
due to functional constraints and differential plasticity. For example, articular surfaces are 
typically canalized and developmentally restricted; despite considerable mechanical loading, 
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external articular dimensions show no significant increase in surface area (Lieberman et al., 
2001; Ruff, 2005). Likewise, long bone length is also highly conservative, demonstrating even 
less asymmetry than articular surfaces (Auerbach and Ruff, 2006). Long bone diaphyseal 
breadths, in contrast, have been shown to be reliable indicators of activity (Trinkhaus et al., 
2004). Cross-sectional properties of long bone diaphyses, therefore, provide valuable 
information about patterns of loading and activity for a given individual. Although metabolic 
forces and genetic factors also contribute to bone remodeling, the strength properties of long 
bone diaphyses have proved responsive to specific mechanical stimuli (Ruff et al., 2006) and are 
generally good indicators of habitual behavior and asymmetrical loading (Shaw and Stock, 
2009a, b; Jones et al., 1977; Jaworski et al., 1980). The quantity and distribution of cortical bone, 
then has been the focus of researchers seeking to understand the effects of activity in and 
evidence for past behavior from the long bones of the limbs. 
In light of these previous studies, the long bone diaphysis potentially reveals valuable 
information about mechanical loading through analysis of its cross-sectional properties. These 
biomechanical properties are determined using engineering beam theory to model the response of 
bone to various mechanical strains. Cross-sectional properties calculated this way take into 
account the distribution of material within a bone to determine its strength (Ruff, 2003). Viewed 
as a hollow beam, the cross-sectional properties of bone are used to determine its resistance to 
axial loading, bending, and torsional forces (Ferretti et al., 1996). Bone, like other materials, 
resists greater loads when it is placed father away from the neutral axis around which bending 
occurs (typically near the centroid, but see Lieberman et al., 2004) Total area (TA) roughly 
reflects this relationship, and gives the size of the cross-section, while cortical area (CA) 
indicates the distribution of material in the diaphysis, especially relative to TA; larger TA and 
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smaller CA indicates a thinner cortical wall distributed farther from the centroid of the cross-
section. These areas are proportional to the bone’s axial strength—its ability to withstand tensile 
and compressive forces—and are increased by periosteal apposition and endosteal resorption 
(Ruff et al., 1994).  
Most mechanical loading involves some combination of compressive and tensile forces, 
resulting in bending. The bone’s bending strength (rigidity) is quantified using the second 
moments of area (I), which estimate the bone’s resistance to bending about a neutral axis (where 
the amount of stress or strain equals zero) by taking into account cross-sectional area and the 
distribution of bone within the section. Ix and Iy, referred to in this work as Iml and Idp (Iap is used 
to refer to Iy in relation to the radius), estimate bending strength in the 
dorsopalmar/anteroposterior and mediolateral planes, respectively. Iml represents the x-axis and 
measures bending rigidity when the bone is bent dorsopalmarly. Idp represents the y-axis and 
likewise measures the bone’s bending rigidity when bent mediolaterally. The maximum and 
minimum bending rigidities of bone are designated by Imax and Imin, and their locations vary 
based on the diaphyseal shape. The polar second moment of area (J) approximates torsional 
strength and, as the sum of any two perpendicular values of I, gives a good estimate of overall 
bending rigidity. 
 
Metacarpals and Handedness 
The second metacarpal (MC2) is a tubular bone that preserves well in the archaeological 
record; as such, it has been the focus of extensive study, elucidating growth and development, 
stature, sex, bone loss, and pathology in forensic and archaeological contexts (Lazenby, 2002b, 
2002d; Glencross and Agarwal, 2010; Case and Ross, 2007; Lazenby et al., 2008). Because the 
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metacarpals are tubular bones, the basic assumptions about the behavior of the long bone 
diaphyses in response to mechanical loading (outlined above) persist in the diaphysis of the 
second metacarpal, and hand dominance has been assessed using the cross-sectional properties 
and trabecular architecture of MC2 (Lazenby et al., 2008). Biomechanical investigations of the 
hand bones have been somewhat limited thus far, however, observing primarily (if not 
exclusively) the second metacarpal. Garn et al. (1991) compared the correlations of the bone 
areas of the second, third, and fourth metacarpals to stature and body mass and argued that for 
these size relationships and patterns in age-related bone loss, a single metacarpal predicts trends 
as well as any other. Interestingly, although this study is cited to justify biomechanical research 
focused solely on the second metacarpal (Lazenby, 1998a), it did not evaluate either directional 
asymmetry or cross-sectional properties. 
Until the mid-nineties, evaluations of handedness based on the second metacarpal 
produced a preponderance of evidence in support of a systemic right-hand bias among human 
populations (Plato et al., 1980; Garn et al., 1976). However, unlike previous studies that had 
focused solely on the cross-sectional area of the bone, Roy et al (1994) investigated the 
biomechanical properties of MC2 and found that dominance, regardless of the side, showed 
increased dimensions in total area and second moments of area. This study also made important 
observations about metacarpal movement and bone deposition, namely that handedness extends 
beyond finger flexion; the dominant hand should be strengthened in both the mediolateral and 
the dorsopalmar planes, resulting in a rounder cross-sections to resist multi-directional loading. 
Roy et al. (1994) noted that analyses of grip strength for handedness are meretricious and must 
be handled carefully, because grip strength only measures digital strength in flexion (in the 
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dorsopalmar plane). Of course, metacarpals normally experience loading dorsopalmarly, and are 
therefore more likely to be strengthened along this axis.  
The implications of this observation have been interpreted differently, however. Lazenby 
(1995) posited that precisely because of this loading relationship the second metacarpal of the 
dominant hand should be non-circular, maintaining that increased finger flexion in the dominant 
limb should result in greater dorsopalmar strength. He argued that laterality studies using 
radiogrammetry should not use formulae based on a circular model, lest their results 
underestimate strength properties. However in his 1998a publication, Lazenby revised his earlier 
stance, finding that the circular model for radiogrammetric studies actually produces less error 
than the elliptical model. This suggested that the metacarpals of the dominant limb should indeed 
have a more circular cross-section. 
The study presented herein evaluates the second through fifth metacarpals for evidence of 
dominance across the palm, and to understand the patterns of asymmetry that occur within the 
hand across the digital ray, in light of this previous evidence. The thumb (the first metacarpal) 
was excluded from this study, as its movements are vastly different from the other metacarpals 
and would therefore complicate the analysis. The metacarpals (again, with the exception of 
MC1) are mechanically stable within the hand, with limited motion. The carpometacarpal joints 
experience greater freedom moving across the palm from MC2 to MC5, but their primary motion 
is flexion during grasping (Palastanga and Soames, 2012). Thus, it is expected that all 
metacarpals to be strengthened dorsopalmarly, regardless of hand dominance. This departs from 
the usual thinking in terms of lateral asymmetry; typically, deviation from diaphyseal circularity 
indicates limb dominance (Lazenby, 2002c). This logic holds true with long bones, such as the 
radius. Radii have more mechanical freedom than the metacarpals, whose movement occurs 
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primarily in a single plane, and unlike the metacarpals they are recruited for repetitive loading 
and power tasks (such as lifting, throwing). Thus, a round radial cross-section would indicate 
that the bone was not subject to as much mechanically-induced remodeling; the dominant limb 
should have a less round diaphyseal shape.  
Also relevant to this particular sample is the articulation between laterality and tool 
manufacturing. Marzke and Shackley (1987) used experimental archaeology to evaluate the 
types of grips used during tool manufacturing and concluded that the process relied primarily on 
a precision grip rather than a power grip. A precision grip includes the use of the thumb and one 
or more fingers (usually the second or third), with or without the passive recruitment of the palm 
in support. A power grip includes using the fingers or the fingers, thumb, and the palm to 
strongly squeeze (Marzke, 1997). The reliance on the precision grip during flint-knapping 
indicates that the palm is not actively engaged during tool manufacture, thus it is likely that the 
laterality of this important fine motor task will not be reflected in the cross-sectional strength 
properties of the metacarpals.  
In consistently side-biased individuals, both strength and fine motor tasks are performed 
with the same hand; only a few (left-handed) individuals deviate from this, using one hand for 
strength tasks and the other for fine motor skills (Lazenby, 2002c). This more or less stable 
coupling of grip and fine motor tasks in the dominant limb, combined with Lazenby’s (1998a) 
and Roy et al.’s (1994) findings regarding diaphyseal circularity, would seem to suggest that 
while grip strength alone produces an elliptical cross-section, the dominant hand would more 





GOALS AND EXPECTATIONS 
Though inquiries into laterality have been ongoing for many decades, there is a notable 
absence of literature on the metacarpals’ abilities to indicate handedness. Previous research into 
the biomechanical properties of the hand has largely neglected most of the palm, prioritizing 
instead the second metacarpal. While evidence suggests that handedness can be determined from 
the diaphyses of metacarpals, scientific inquiry has yet to corroborate this hypothesis with the 
third, fourth, and fifth metacarpals. This study seeks to address this question, evaluating the 
second through fifth metacarpals for evidence of laterality across the hand. 
As reviewed above, metacarpals normally experience mechanical loading primarily in the 
dorsopalmar plane; therefore, all metacarpals should demonstrate more periosteal apposition 
along the dorsopalmar (DP) axis rather than the mediolateral (ML) axis. However, increased 
reliance on the dominant hand for a variety of tasks should result in a rounder cross-section of 
these metacarpals; the ratio of the second moments of area (Iap and Iml) should approach 1. 
Research has shown a profound right-biased asymmetry in humans, particularly in the upper 
limb, therefore it is likely these individuals will also exhibit right directional asymmetry 
(Auerbach and Ruff, 2006; Lazenby et al., 2008). Furthermore, previous studies have established 
that forager populations have the greatest magnitude of directional asymmetry, as well as the 
most sexual dimorphism in this respect (Auerbach and Ruff, 2006; Wescott, 2006; Trinkaus et 
al., 1994). This suggests that laterality and sexual dimorphism should be observable in the 
second through fifth metacarpals in this sample of foragers, assuming the sample is sufficiently 
large. Samples from each site were pooled, as it has been recognized that these samples are 
temporally and demographically comparable (Herrmann, 2002; Bissett, 2014) and therefore 
unlikely to demonstrate significant differences.  
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This thesis, then, seeks to investigate the directional asymmetry present across the palmar 
arch using a sample of Archaic individuals. The following chapter describes the archaeological 
sample, methods of data collection, statistical analyses, and limitations of this work. Chapter 3 
reports the results, followed by the analysis of these results, conclusions, and recommendations 





















CHAPTER 2: MATERIALS AND METHODS 
 
This chapter details the skeletal materials used in this study and the methods of data 
collection and statistical analyses employed to address the questions posed in Chapter 1. The 
Archaeological Sample describes the skeletal remains, site history, and limitations, while 
descriptions of techniques and analyses are under the section labeled Analytical Methods.  
 
THE ARCHAEOLOGICAL SAMPLE 
 The sample used in this study was comprised of 50 individuals (28 males, 22 females) 
from each of the three Archaic sites: Eva, Cherry, and Ledbetter Landing. These skeletal remains 
are housed in the McClung Museum of Natural History and Culture at the University of 
Tennessee in Knoxville, TN. Only adult males and females were used for this research; 
individuals were selected and demographic information used in this study was based on records 
maintained by the McClung Museum. This information was obtained from the most recent 
inventory, which was produced from Maria Smith’s 1990 assessment of the collections at the 
museum. The radii and metacarpals 2, 3, 4, and 5 on both the left and the right sides of each 
individual were analyzed where available. Elements chosen were paired (meaning both the left 
and the right were available for study), had intact midshaft diaphyses, were free from pathology, 
and were generally complete enough to measure with the osteometric boards and calipers 
(exceptions are discussed in the “Limitations” below).  
The thumb (metacarpal 1) was excluded as its movement is not directly comparable to 
that of the other metacarpals; thanks to its opposition, MC1 should be strengthened through 
periosteal deposition along the AP and ML axes regardless of handedness, thus its laterality 
would present differently in biomechanical analysis. The radius provided a comparison for 
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laterality; the forearm undergoes different mechanical loading than the hands, recruited for many 
other actions (such as lifting). Laterality observed in the radius, though it may present differently 
from that in the metacarpals, should still reflect directional asymmetry in the population and is 
therefore a good check on the metacarpals’ analytical abilities. 
 
Site History 
The Archaic period in North America began at the end of the last Ice Age (approximately 
10,000 BP) and lasted through the Altithermal and Medithermal periods (approximately 1150-
1200 BP) before giving way to the Woodland period (Lewis and Kneberg, 1958; Browman et al., 
2013). This period was characterized by pre-agricultural, pre-ceramic populations that were 
nomadic to semi-sedentary, and that primarily subsisted by foraging (Browman et al., 2013). In 
the Archaic North American Southeast, forager groups exploited freshwater resources as well as 
the small and medium-sized game and wild flora of the eastern woodlands. This subsistence 
strategy required significant mobility and relied more heavily on manual labor than later, more 
sedentary horticultural and agricultural practices. It is expected that this routine dependence on 
the hands for a variety of subsistence tasks had biomechanical implications; experiencing daily 
strain caused bone to respond and strengthen accordingly. The expectation is that this consistent, 
intensive hand use resulted in enough bone remodeling that hand preference will become 
apparent with the analysis of the diaphyseal cross-sectional properties of the metacarpals, as the 
dominant hand would have been exposed to the greatest strain.  
 The Eva site (40BN12) dates to the Middle and Late Archaic and is located in Benton 
County, Tennessee, west of an expanse of marshy land known as Three Mile Slough. Nineteen 
individuals from this site were examined for this research (9 males, 10 females). During its 
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occupation, the site was located near water channels that provided abundant freshwater resources 
for Archaic foragers to exploit and discard, producing shell middens where humans, canines, and 
trash were buried (Lewis and Kneberg, 1958; Lewis and Lewis, 1961). The University of 
Tennessee excavated this site in 1940, sponsored by the TVA (Lewis and Lewis, 1961). The Eva 
shell mound is divided into five strata and dates as early as 8900 cal BP (Bissett, 2014). Eva I, 
comprised of strata IV and V, represent the site’s earliest occupation, followed by Stratum III, 
wherein a sparse evidence of occupation indicates a brief period of disuse.  Stratum II is 
designated Eva II, which corresponds with the Benton/Three Mile cultural phase and represents 
the site’s greatest period of use. With 109 burials, Eva II produced the most burials and material 
culture remains (Bissett, 2014). Eva III (stratum I) includes the latest occupation, which 
represents the Big Sandy cultural phase, as well as the plow zone (Lewis and Lewis, 1961; 
Magennis, 1977). For this research, Strata III, IV, and V were excluded to maintain temporal 
contemporaneity with the other two sites.  
 The Cherry site (40BN74) is a Late Archaic site that is geographically and temporally 
comparable to Eva, located in Benton County, Tennessee, just east of the Big Sandy River and 
north of its junction with the Tennessee River. It was excavated in 1941, also sponsored by the 
TVA (Magennis, 1977). Cherry was assigned to the Big Sandy phase that corresponds with 
Eva’s Stratum I by Lewis and Kneberg (1958); subsequent radiocarbon dating shows that its 
dates are instead contemporaneous with Eva’s Three Mile Stratum II (Bissett, 2014). Unlike Eva, 
however, it represents only one occupation (approx. 7500-6300 cal BP)—no dates were obtained 
from a possible later occupation—and has a number of middens and pits. Remains were 
recovered from burials in the eastern portion of the site (Magennis, 1977; Auerbach, 2007). 
Sixteen total individuals (10 males, 6 females) from this site were examined. 
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 The Ledbetter Landing site (40BN25) is also located in Benton County, Tennessee 
between Morgan’s Creek and the Tennessee River (Lewis and Kneberg, 1947). It represents two 
occupations; relevant to this study is the first occupation, which dates to the Late Archaic, 
approximately 4500-4300 cal BP (Auerbach, 2007; Lewis and Kneberg, 1959; Bissett, 2014). 15 
individuals (9 males, 6 females) from this site were examined.  
The Archaic peoples who occupied Eva were sedentary foragers; material evidence from 
the Three Mile phase indicates that they relied heavily on freshwater sources (compared to 
terrestrial game animals). Ledbetter Landing likewise contained a multitude of riverine artifact 
assemblages. Eva and Ledbetter were both located close to waterways, and it is clear that the 
Archaic peoples who used these sites utilized freshwater resources. Cherry, on the other hand, 
was not immediately near a waterway and shows a dearth of evidence of freshwater exploitation. 
It has been suggested that the variance in types of artifacts represented in each site’s assemblage 
indicates differential site function (Magennis, 1977). Furthermore, the stone tool assemblages of 
these sites indicate significant lithic use. Chipped stone characterized nearly half of the artifact 
assemblage at Eva, which also groundstone artifacts and bone and antler as well. The material 
culture at Cherry and Ledbetter were sparser, but similar artifacts were found (Bissett, 2014). 
 
Limitations 
 As with any osteological study, there were certain limitations inherent in this research. 
The archaeological record by nature presents only a partial representation of any given 
population (Wood et al., 1992). Graves can only reflect those individuals who were buried. 
Although evidence suggests that these forager populations were not nomadic over a large 
geographic range, theories that these sites were periodically occupied indicate that remains from 
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large cemeteries like the ones studied here may represent only a brief cross-section in the 
population’s history (Bissett, 2014).  
 Furthermore, these remains are several thousand years old; time, taphonomy, excavation, 
and curation takes its toll (Behrensmeyer, 1978; Trueman and Martill, 2002). As a result, the 
remains were limited in quantity and several elements were incomplete. Because only paired 
elements could be used for this type of analysis, the sample was further narrowed.  Fortunately, 
the types of bones used in this study tend to preserve well—tubular bones are thicker and have 
less of the delicate, easily-damaged trabecular bone. Most of the radii were too fragmentary to 
use, but the majority of metacarpals were extremely well-preserved. Nevertheless, several 
elements were incomplete and had to be estimated. Estimation was only used for elements that 
were at least 60% complete; this ensured that the midshaft and either the proximal or distal 
articular surface was intact. Total length was then estimated based on the total length of the 
corresponding element on the opposite side. The midshaft was found based on the estimated total 
length, and then dorsopalmar and mediolateral breadths were taken and the midshaft cross-
section was cast. It is worthy to note that this method of estimation assumed that the total length 
of paired elements were comparable; the relative incompletion of one element was determined in 




This section outlines the methodology used to obtain measurements, calculate 





Data from the bones were collected in two ways: external dimensions were measured 
manually, and casts of each bone were taken at midshaft. Total lengths of each metacarpal were 
measured to the nearest hundredth millimeter on a mini-osteometric board. The styloid process 
of the third metacarpal was excluded from the length measurement, as it does not contribute to 
the bone’s biomechanical length. Radius total lengths were measured to the nearest millimeter on 
a portable PaleoTech Concepts osteometric board. Mitutoyo digital sliding calipers were used to 
measure diaphyseal breadths to the nearest hundredth of a millimeter; these measurements were 
recorded on a laptop via a direct input cord connected to the calipers. The midshaft mediolateral 
and dorsopalmar breadths of the radii and metacarpals were recorded. Intraobserver error was 
evaluated following the method outlined by White (2000). Differences from the mean 
measurement were expressed as a percentage; for most dimensions, the average measurement 
error was less than 1%. Data were recorded and calculations were made using Microsoft Excel 
2013.  
Measurement2   Element3   
 MC2 (L/R) MC3 (L/R) MC4 (L/R) MC5 (L/R) RAD (L/R) 
Total length 0.07 / 0.02 0.07 / 0.03 0.02 / 0.03 0.03 / 0.07 0.13 / 0.09 
DP breadth at 
midshaft 
0.71 / 0.15 0.17 / 0.16 0.17 / 0.22 0.19 / 0.24 0.12 / 0.16 
ML breadth at 
midshaft 





% Measurement Error1 
1 Error calculated according to White (2000); reported to the nearest 0.01% 
2 Length measured to the nearest mm, diaphyseal dimensions to the nearest hundredth  
mm; Planes are abbreviated: DP, dorsopalmar (anteroposterior for radii); ML, 
mediolateral 





Additionally, external casts were made at the midshaft of each bone using 
Coltène/Whaledent President putty. The neutral axes were marked along the dorsal and lateral 
surfaces of each metacarpal shaft to properly line up the cast. Dorsopalmar and mediolateral 
breadths were taken at 30% and 70% along the metacarpal shafts, from which midpoints were 
determined; these were then used to triangulate the approximate neutral axis of the diaphysis in 
each plane. Using these to orient the bone, the metacarpals sere set into an anatomical 
orientation. The President putty was applied in a slim ring along the midshaft circumference of 
each bone. The resulting cast produced an accurate representation of the midshaft cross-section. 
These casts were traced and scanned to Photoshop to prepare them for analysis. Each cross-
sectional image was oriented in anatomical position, with the DP axis (AP for radii) vertical and 
ML axis horizontal. The cross-section itself was manually filled with black pixels; the medullary 
cavity was not considered in these analyses. These manipulated images were analyzed with a 
MATLAB code (provided by Dr. Benjamin Auerbach) to calculate the bone’s cross-sectional 
properties. All data were determined from external dimensions; recent studies show, absent 
pathologies that decrease endosteal bone mass, that external dimensions alone provide reliable 
estimations of bone strength (Macintosh et al., 2013; Stock and Shaw, 2007; O’Neill and Ruff, 
2004). 
From the cross-sections, MATLAB generated several biomechanical measurements to be 
used in the analysis of directional asymmetry. Relevant to this study were measures of total area 
(TA), second moments of area for the dorsopalmar (Idp) and mediolateral (Iml) axes, the polar 
second moment of area (J), and maximum and minimum second moments of area (Imax, Imin). 
Measurements of asymmetry were converted to percent directional asymmetry (%DA) and 




%DA = (right-left) / [(right + left)/2] × 100 
%AA = (maximum-minimum) / [(maximum + minimum)/2] × 100 
 
Converting measures of asymmetry to percentages allows data from elements from different 
sexes and populations to be directly compared without standardizing by body mass, because the 
percent asymmetry of a given dimension is standardized by the size of that dimension. %DA 
reflects directionality and magnitude of asymmetry in a given dimension, signaling right-biased 
asymmetry with positive values and left-biased asymmetry with negative values. %AA reflects 
total asymmetry present in a given dimension, regardless of directionality (Auerbach and Ruff, 
2006).  
The ratios of second moments of area about the dorsopalmar (DP) and mediolateral (ML) 
planes, Idp/Iml, and the ratio of maximum and minimum second moments of area, Imax/Imin, were 
likewise used to circumvent the need for size standardization (Ruff and Hayes, 1983). More 
importantly, however, these ratios represent indices of cross-sectional shape. Idp/Iml measures the 
bending strength in the dorsopalmar plane relative to the mediolateral plane. Ratios approaching 
1 indicate even distribution of bone about these axes (a more circular cross-section); ratios larger 
than 1 indicate bone is distributed more along the dorsopalmar plane, whereas ratios less than 1 
reflect strengthening along the mediolateral plane. Imax and Imin are always perpendicular to each 
other and measure the relative maximum bending strength of the bone. The ratio Imax/Imin follows 





Nonparametric statistics were used to examine these data according to the precedent set 
by Auerbach and Ruff (2006), which established the preference for using nonparametric tests 
with percentage data due to non-normal distributions. Moreover, the overall sample in this study 
was relatively small, and considering that several tests required further subdivisions of the data 
(i.e. by sex, by metacarpal), the data did not conform to the rules of normality. Thus parametric 
statistics were inappropriate for this research. All statistical analyses were conducted using IBM 
SPSS 20. 
For all analyses, data from the sites were pooled. Mann-Whitney U-tests (the 
nonparametric equivalent of a two-sample t-test) were used to evaluate sex-based differences in 
percentage data (% DA and %AA) and to compare these data for each dimension between 
elements (i.e. %DA of TA between MC2 and MC5). Kruskal Wallis tests (the nonparametric 
equivalent of ANOVA) evaluated these data for differences in each dimension among elements 
(i.e. %DA of TA among MC2, MC3, MC4, and MC5). Because several analyses were used, the 
critical alpha for statistical significance was set conservatively at p < 0.01, rather than the 
standard p < 0.05. A conservative alpha level was chosen to limit Type I error, the likelihood of 
which increases as the number of comparisons increases. Both significant and non-significant 
results were examined for trends to determine patterns of asymmetry across groups. The 








CHAPTER 3: RESULTS 
  
This chapter describes the results of the statistical analyses outlined in Chapter 2. All 
interpretations of these data will be reserved for the following chapter, Discussions and 
Conclusions.  
 
Statistical Analyses of Sex Differences 
 Medians and means of percent directional asymmetry and percent absolute asymmetry 
for each element by site and by sex are presented in the Appendix. For all analyses, the sites 
were pooled based on the overall comparability of the measurements of asymmetry among sites 
shown by the descriptive statistics.  
The cross-sectional properties of each element were compared between the sexes using 
Mann-Whitney U-tests to evaluate differences. Results are presented in Tables 3.1 and 3.2, and 
boxplots of non-significant trends are found in Figure 3.1. As mentioned in Chapter 1, previous 
studies have established that males tend to demonstrate more asymmetry than females, which is 
especially pronounced in forager populations. All elements were analyzed, and while none 
showed statistical significance (p < 0.01), the second metacarpal was the only element that 
showed a trend of difference between the sexes. For MC2, females showed more right-biased 













Figure 3.1 contains boxplots of the trends present between the sexes in the cross-sectional 
properties of the second metacarpal. The graphs give a general outline of the discernible patterns 
of asymmetry; it is clear that females demonstrate more (though not significantly more) right 
bias and absolute asymmetry than males. Relevant cross-sectional properties for comparisons of 
Table 3.1. p-values for %DA of Males v. Females 
Table 3.2. p-values for %AA of Males v. Females 
25 
 
directional asymmetry (due to relatively small p-values) include total area (TA), the second 




Figure 3.1. Comparison of %AA and %DA in MC2 between Males and Females 
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Statistical Analyses among Elements within the Same Sex 
 The trends produced by the previous statistical analyses established that, though not 
significant, there was enough difference between males and females to preclude their being 
pooled for further analyses. Thus the sample was subdivided by sex to conduct Kruskal Wallis 
tests to compare cross-sectional properties among elements. Results of analyses among the 
metacarpals are presented in Tables 3.3 and 3.4. Boxplots of significant differences and non-
significant trends appear in Figures 3.2, 3.3, and 3.4. Comparisons among elements were not 














p-values of %DA among Metacarpals 2-5 
*Asterisks indicate significant differences 









A second set of Kruskal Wallis tests compared cross-sectional properties among the 
metacarpals and the radius. Analysis of properties in the female sample were not significant, but 
for males the values that were reported above (Tables 3.3 and 3.4) as significant remained so. 
The boxplots below and in Figure 3.4 (which depicts dimensions with significant and extremely 
low, but not significant  p-values) show that the radius appears to have similar directional 
asymmetry to the metacarpals in all but total area, second moment of area of the x-axis (Iml) and 
the polar second moment of area. 
Table 3.4  
p-values of %AA among Metacarpals 2-5 
*Asterisks indicate significant differences 









 The patterns that appear in the boxplots in Figures 3.2 and 3.3 show several trends that 
are further investigated in the following section “Comparisons between Two Elements.” Figure 
3.3 shows it best, since there are actual significant differences represented, but the differences 
among female elements shown in Figure 3.2 also supports certain trends (though to a lesser 
extent). The second and fourth metacarpals tend to show the most disparate values. For most 
dimensions, the second metacarpal appears to show the least amount of absolute asymmetry and 
even left-biased directional asymmetry, while the fourth metacarpal demonstrates the most 
absolute asymmetry and the most right-biased asymmetry. The third and the fifth metacarpal are 




largely comparable, however, the fifth metacarpal does demonstrate some anomalies which will 






Figure 3.4. Boxplots of %AA and %DA Comparisons between Elements 
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Comparisons between Two Elements 
 Based on the boxplots of the data, the comparisons of most interest were the second and 
fourth metacarpal, the second and fifth metacarpal, and the second metacarpal and the radius. 
Mann-Whitney U-tests were used to evaluate the differences in cross-sectional properties 
between these elements. Again, the data were separated based on sex. Females did not show 
statistical significance in any of these comparisons. 
 Comparisons between the second and fourth metacarpals in the male sample yielded 
several significant values; these data are reported in Table 3.5. Figures 3.5 and 3.6 contain 
boxplots of these comparisons. Particularly of interest are the differences in total area and polar 
second moment of area, with values of p < 0.01. The boxplots show that the fourth metacarpal 
appears to demonstrate more right-biased asymmetry and a greater magnitude of asymmetry than 








p-values of %DA and %AA of Male MC2 v MC4 
*Asterisks indicate significant differences 






Figure 3.5. % Directional Asymmetry Compared between Male MC2 and MC4 
Figure 3.6. % Absolute Asymmetry Compared between Male MC2 and MC4 
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 Further analyses were carried out to compare the second and fifth metacarpal. Results are 
reported in Table 3.6. Again, only males produced statistical significance. Furthermore, only one 
comparison reached statistical significance—that of the percent directional asymmetry of  Iml —
but very small p-values are also seen for total area, the ratio Idp/Iml, and the polar second moment 
of area. Comparisons of percent absolute asymmetry did not produce statistically significant 
values, though graphical comparisons show that the fifth metacarpal appears to have a greater 
magnitude of asymmetry than the second metacarpal. Boxplots of significant differences and 






p-values for %DA and %AA of Male MC2 v. MC5 
*Asterisks indicate significant differences 







Figure 3.7. % Directional Asymmetry Compared between Male MC2 and MC5 
Figure 3.8. % Absolute Asymmetry Compared between Male MC2 and MC5 
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The final comparison was made between the second metacarpal and the radius. Results 
are reported in Table 3.7. Only comparisons among males produced significant differences. 
Percent directional asymmetry of total area, the second moment of area Iml, and polar second 
moment of area were the only p-values that were statistically significant. Comparisons of percent 
absolute asymmetry, however, did not yield significant p-values. This would suggest that the 
amount of asymmetry between the second metacarpal and the radius is not different; only the 
direction of asymmetry. Figure 3.9 shows boxplots of significant differences and non-significant 








*Asterisks indicate significant differences 
(p < 0.01).  
Table 3.7 






 Overall, the male second metacarpal appears to present the primary anomaly. The second 
metacarpal is the only bone to show sex-based differences, and as the graphical depictions of 
comparisons among elements show, it is the only bone to consistently show little absolute 
asymmetry, small values of right-biased asymmetry, and even left-biased asymmetry.  
 The indices of cross-sectional shape (Idp/Iml and Imax/Imin) were largely excluded from the 
graphical representations. Despite the evidence based on previous research, they did not yield 
statistically significant values for any of the analyses. It was expected that not only would these 
measures be significant, but that they would reliably reflect asymmetry. Instead, comparisons of 
total area (TA) and the polar second moment of area (J) consistently produced either significant 
Figure 3.9. % Directional Asymmetry Compared between Male MC2 and Radius  
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or very low p-values. As mentioned previously, all of these data will be interpreted in the 
























CHAPTER 4: DISCUSSION AND CONCLUSIONS 
 
The purpose of this study was to examine the cross-sectional diaphyseal geometry of 
metacarpals to evaluate patterns of directional asymmetry across the palmar arch within a 
physically active set of human populations.  While laterality has been the focus of scientific 
inquiry across a number of disciplines, including anthropology, this research is unique in its 
consideration of the cross-sectional properties of the entire digital ray. Consequently, the results 
of this study have implications for future research using metacarpals; previously, researchers 
have assumed that the properties of the second metacarpal accurately represent those of the entire 
digital ray. The results of this study depart from this supposition, arguing instead for 
individualized attention to the properties of each metacarpal. Accordingly, this study also 
impacts research into handedness based on the metacarpals.  
The following chapter examines the results of the statistical analyses set forth in Chapter 
3 and considers their consequences for the hypotheses presented in Chapter 1. Based on previous 
research (see Introduction), it was posited that the sample of Archaic individuals examined here 
would demonstrate right-biased asymmetry, and likely this asymmetry would present more 
strongly in males. It was also generally expected that the dominant limb would exhibit a rounder 
diaphyseal cross-section. Of course, there were several limitations to this study, which were 
outlined in Chapter 2 and are relevant to the interpretation of the statistical analyses presented in 
the previous chapter. The small sample size, in particular, cautions against overstating the impact 
and applicability of the results and implications discussed here.   
The major findings of this study challenged the hypotheses recapitulated above. Results 
indicated that sexual dimorphism was far from systemic; instead, there were no statistically 
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significant differences between males and females. However, analysis of the trends of 
asymmetry indicates that the second metacarpal clearly demonstrates more absolute asymmetry 
and more right-biased directional asymmetry in females compared to males. It was also assumed 
that the diaphyseal cross-sections of the metacarpals of the dominant limb would demonstrate 
more circularity. On the contrary, results showed that the ratios of cross-sectional shape (Idp/Iml 
and Imax/Imin) were not significantly asymmetric in any of the statistical analyses presented in 
Chapter 3, and therefore were not useful here in examining handedness. Instead, total area (TA) 
and the polar second moment of area (J) consistently demonstrated statistical significance. This 
indicates that while the cross-sections of the metacarpals of the dominant limb do not necessarily 
demonstrate more circularity, they were subject to greater axial and torsional stresses and are 
likewise strengthened to withstand those stresses. Finally, the overall pattern that emerged from 
the results of the statistical analyses indicates that absolute and directional asymmetry increase 
medially across the digital ray and, as predicted, the directional asymmetry present in this sample 
was overwhelmingly right-biased. 
 
Sexual Dimorphism of Directional Asymmetry 
 Contrary to previous research, sexual dimorphism was not statistically significant in this 
sample. Except the second metacarpal, the percent asymmetry of the cross-sectional properties of 
the metacarpals were comparable between males and females. Even considering the dimorphic 
MC2, the overall pattern of directional asymmetry persisted: the second and third metacarpals 
demonstrated considerably less absolute asymmetry and less right-biased asymmetry than the 
more medial fourth and fifth metacarpals (the significance of this pattern will be discussed in the 
following section).  
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 It is worthy of note, however, that this pattern of asymmetry is more pronounced in the 
male sample; indeed, the results presented in Chapter 3 indicate that statistical significance only 
emerged in the male sample. Trends in the data show that females tended to have slightly more 
absolute and directional asymmetry than males in general, which could be used to argue that 
females engaged in more unimanual tasks than did males, resulting in cross-sections that showed 
greater strength properties in their dominant limb. Moreover, these unimanual tasks almost 
certainly required a power grip, thereby recruiting the palm and subjecting the metacarpals to 
strain (Marzke and Shackley, 1987).  
Males may have participated in more bimanual tasks, but the patterns in this sample 
could also be the result of using a precision grip more frequently than a power grip, which would 
impact the strength properties reflected in the metacarpals. Prehistoric tool manufacture has been 
shown through experimental archaeology to rely more heavily on a precision grip rather than a 
power grip, which results in more detailed, delicate stone tools (Marzke and Shackley, 1987; 
Marzke, 1997). Though material culture was sparse at the Cherry and Ledbetter Landing sites 
(see Chapter 2), Eva yielded a number of stone artifacts: chipped stone represented nearly half of 
the total site assemblage at Eva, and a number of groundstone artifacts were found as well 
(Bissett, 2014). Of course, the archaeological record reflects only those materials that preserve 
well over time; consequently, the assemblage is more biased toward more durable materials 
rather than perishable materials, which may skew the interpretation of male and female activities. 
However, if males were predominantly engaged in tool manufacturing (as the material culture 
would suggest), it follows that asymmetry would be more difficult to ascertain using the 
metacarpals, as these elements are not directly engaged in the precision grip necessary for flint 
knapping. Though they showed less absolute and directional asymmetry than females, males did 
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show more variation across the digital ray, yielding statistically significant results for 
comparisons across the palmar arch and between elements. These results will be discussed in the 
following section, “Comparisons among Elements.” 
Material culture may also potentially explain the trends observed in females. As 
mentioned, females generally demonstrated more absolute and directional asymmetry than 
males. Because the metacarpals experience strain when the palm is recruited, it follows that 
females routinely engaged in activities that demanded a power grip in order to engender changes 
to the strength properties of the metacarpals. Moreover, these activities were likely unimanual, 
reflected in the resulting directional asymmetry. Groundstone functional classes associated with 
food processing (such as pestles) were found at the archaeological sites represented by the 
sample (Bissett, 2014). If women routinely engaged in this type food processing, it could have 
produced the asymmetry reflected in the results. This activity would be unimanual and it requires 
a power grip; both of these would impact the strength properties of the metacarpals and result in 
greater directional asymmetry, consistent with the results of this study. 
As mentioned, the second metacarpal is the only element that showed clear differences 
(though not statistically significant differences) between males and females. The metacarpals 
gain more freedom of movement medially; the second and third metacarpals are the most stable 
in the hand (see Introduction). Compounded with the apparent lack of routine unimanual tasks 
that require power grip among males, the low level of asymmetry found in the second metacarpal 
of males may be a combination of the relative stability of the second metacarpal and the overall 
lack of strains that would directly impact its strength properties. Marzke and Shackley (1987) 
also indicate that stone tool manufacturers frequently stabilize the stone against the second 
metacarpal, gripping it with the thumb and forefinger, thereby ensuring the second metacarpal is 
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a passive element during tool manufacture. Though the cause of this departure from expected 
results is unknown, it does illustrate the errors of using the cross-sectional properties of the 
second metacarpal as an accurate representation of those of the entire digital array.  
 
Comparisons among Elements  
Kruskal-Wallis tests comparing the cross-sectional properties across the digital ray only 
yielded statistically significant values within the male sample, although trends in both males and 
females show that both absolute and directional asymmetry increase medially, with greater 
degrees of both measurements in the fourth and fifth metacarpals. Contrary to the hypothesis, 
however, the indices of cross-sectional shape were not, in most cases, significantly impacted by 
handedness. Instead, the most consistently significant properties were total area (TA) and polar 
second moment of area (J). 
The general increase in the magnitude of asymmetry and right-biased asymmetry of the 
medial metacarpals likely reflects the greater freedom of movement they experience compared to 
the second and third metacarpals. Specific to males, though, results indicate that the total area 
and polar second moments of area increase significantly. This suggests that the medial palm is 
subject to greater compressive and torsional strains than the lateral palm, the greatest difference 
between the second metacarpal and the fourth metacarpal. To recapitulate, although males have 
less asymmetry compared to females, the strength properties of their metacarpals vary more than 
those of females. However, it should be noted that these differences between elements in males 
stem from the second metacarpal; due to its very low asymmetry, comparisons between MC2 
and other metacarpals produce statistical significance. Therefore, males do not necessary 
experience greater overall compressive and torsional strains in their medial palms than do 
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females, but rather males experience less overall compressive and torsional strains in their lateral 
palms than do females. Again, a reasonable explanation is that one of the primary manual tasks 
males engage in—tool manufacturing—demands the passive recruitment of MC2 as a stabilizing 
factor, thus it is not mechanically engaged in this activity.  
This is the first study to examine laterality across the entire digital ray, and one of the 
first to evaluate handedness based on the diaphyseal cross-sectional properties of the 
metacarpals. Here, nonparametric statistics were used to analyze a relatively small sample. While 
the trends produced can reliably indicate patterns for this population, this study has neither 
enough data nor enough statistical power to draw absolute conclusions from the results. The 
results of this study produced unexpected patterns of directional asymmetry.  To more fully 
understand these patterns that have emerged across the palmar arch, further research is essential 
to generate more data and determine if the patterns observed in this research represent systemic 
laterality across populations or are unique to populations in western central Tennessee. 
Consequently, a larger sample size and a wider geographic distribution would be necessary.  
  
CONCLUSIONS 
 In sum, this study represents an initial investigation into the asymmetry of the digital ray 
of the Archaic foragers of Tennessee using the diaphyseal cross-sectional properties of 
metacarpals. The goal was to determine if sexual dimorphism was present in these elements, and 
if patterns of directional and absolute asymmetry persisted across the palm. Contrary to the 
hypotheses, sexual dimorphism was present in only a single element, and females had more 
absolute and directional asymmetry within that element. Overall, however, males and females 
both demonstrated increasing absolute asymmetry and greater right-biased asymmetry in the 
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medial palm, which can be attributed to the greater freedom of movement possible in the medial 
metacarpals. Males showed statistically significant differences between the strength properties of 
the elements, which indicated that the medial hand was better able to withstand torsional and 
compressive forces. These differences are likely due to the same activities that caused the 
aberrant second metacarpal; rather than unusually more torsional and compressive stress in the 
medial hand, it is likely the lateral hand simply was not subject to a great deal of torsional and 
compressive stresses.  
 Overall, this study cautions against using a single metacarpal to represent the rest of the 
metacarpal bones’ strength properties. Clearly, the cross-sectional properties have significant 
differences among the metacarpals that should be taken into account. More research is necessary, 
however, to better establish the patterns of asymmetry presented in this thesis and to begin to 
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